It is well known that soil plays, within terrestrial ecosystems, an essential role in many biogeochemical cycles and in the regulation of greenhouse gas fluxes. Less known, and often underestimated, is the importance of carbon sequestration potential of soil, especially trough humified carbon. Even within the agro-forestry practices of the Kyoto Protocol, most of the attention is devoted to the biomass carbon storage, rather than soil carbon sequestration. The highest potentialities for carbon sequestration are related to the arable lands, that accounts for the 11% of earth surface; the increase of 0.1% of organic carbon content in the 0-30 cm layer of cultivated soils, achievable with minor adjustment of agronomic practices, is equivalent to the sequestration of 5,000 millions t of carbon. On the other hand, the conversion of a grasslands into cultivated land determine, during 50-70 years, a release of 80-150 t CO 2 ha -1 . Within this paper the estimate of soil organic carbon of three Northern Italian regions is presented.
Introduction
The global soil carbon pool is estimated in 2500 gigatons (Gt) , that includes about 1550 Gt of soil organic carbon (SOC) and 950 Gt of soil inorganic carbon (SIC) (Lal, 2004) . Other pools on the earth are much larger, but they are relatively stable; the sedimentary rocks store about 100 milions Gt of carbon and it is estimated that the deep ocean can store 40,000 Gt of carbon, but the fluxes generated from these pools are negligible. On the contrary soil carbon pool is larger than other active pools; soil C pool is estimated between 2 and 3 times the size of the atmospheric pool (760 Gt) (Eswaran et al., 1993; Post et al., 1982; Lal, 2004) and 4.5 times the size of the biotic pool (560Gt) (Lal, 2004) .
Carbon (C) sequestration in soils is gaining increasing acceptance as a mean to reduce net carbon dioxide (CO 2 ) emissions into the atmosphere even if it is necessary to improve our understanding of the SOC stocks and the processes contributing to C storage in soils.
In general terms the SOC stock to 1 m depth ranges from 30 t ha -1 in arid climates to 800 t ha -1 in organic soils in cold regions, and a predominant range of 50 to 150 t ha -1 (Lal, 2004) . The size of the SOM pool indicates that even small changes in the global stock of SOM could cause a significant change in atmospheric CO 2 , and, consequently, the global C cycle (Schimel et al., 1994) . Thus, one of the largest terms of the global C balance is the exchange of C between soils and the atmosphere.
Land use in general and particularly agricultural practices can significantly influence soil carbon storage. The conversion of forest and pastureland into cropland is known to deteriorate soil properties, especially reduce SOC and change the distribution and stability of soil aggregates (Ross, 1993; Singh and Singh, 1996) . Among the agricultural soil other factors can affect the soil organic matter balance, such as tillage operations, manure and fertiliser application and crop rotation, land use change (Ford-Robertson et al., 1999; Schrot et al., 2002 , Fearnside, 1997 Katterer and Andrén, 1999) . Reduction in tillage and no tillage generally led to organic carbon accumulation in the soil (Lal et al., 1994; Campbell et al., 1995; Paustian et al., 1997) . A review on the carbon sequestration in the agricultural soils of Europe (Freibauer et al., 2004) , indicates a range of SOC sequestration rate between 0.2-0.3 t C ha -1 year -1 for the sludge application or the appropriate management of crop residues, and 1.9 t C ha -1 year -1 , for the conversion of arable land into grassland. Efficient carbon sequestration in agricultural soils requires a permanent management change and a deep knowledge of soils in order to allow selection of areas with high carbon sequestering potential (Freibauer et al., 2004) . Moreover the need for accurate information on the organic matter (OM) content in soils at European, National or Regional level has been increasing steadily over the past few years and it has been outlined by the European Soil Bureau. The aim of this study is to provide data on the assessment of SOC stock or concentration of three Northern Italian region and to describe the approach used for these surveys.
Materials and methods
In Figure 1 is shown the study area, together with the main geographic feature of the three investigated regions.
Piemonte
The estimate of SOC stock was carried out by the Institute for the Wood plants and the Environment (IPLA), on the base of the existing soil survey data and using the 1:250,000 soil map. The soil survey data selected for this research were characterized at least by the following parameters: -geographic coordinates -land use classification -horizon description -soil classification.
Bulk density was estimated using the Baumer (1992) equation; the estimates of SOC stock were referred to the 0-30 cm soil layer.
The SOC of each unit of the 1:250,000 soil map, was calculated as the average of all the observation available in the unit. A total of 2,546 SOC data have been used, while other data needed for SOC stock computation, such as the skeleton content, were available for more than 9,000 sampling points.
Lombardia SOC values have been estimated on the base of the 1:250.00 geographic data base of the regional agency for agriculture and forestry (ER-SAF); bulk density data were estimated apply- Gardi C., Brenna S., Solaro S., Piazzi M., Petrella F. ing the Hollis (1995) pedotranfers function. The final calculation of the total content of SOC was carried out using the Batjes (1996a) equation:
where Td = total organic carbon content (Mg m -2 ) ρi = bulk density of i layer (Mg m -3 ) Pi = organic carbon content of i layer (g C g -1 fine hearth) Di = depth of i layer (m) Si = volume (%) of fragments > 2 mm in the i layer. The next step was the evaluation of the SOC stock, at territorial level, multiplying the average SOC content of each cartographic unit, for its effective area, that means excluding the nonsoil area.
A total number of 5,200 SOC data have been used in order to define the average SOC content for 322 cartographic units.
Emilia-Romagna
The analysis on Emilia-Romagna soils used in this research, were limited to the alluvial plain territory and consist in the spatialization of 9,667 sampling points, selected from a data set of 13,277 samples, while the evaluation of SOC stock is in progress. Spatial interpolation was carried out using both, kriging and simulation approach; the objective of spatial interpolation was to obtain both an estimation of Soil Organic Matter (SOM) content and quantify the uncertainty of the estimates. Kriging based approach are more suitable to model the local uncertainty, while the simulation (parametric and non-parametric) are aimed to model spatial uncertainty. For the simulation were applied and compared two approach: parametric (Sequential Gaussian Simulation) and non parametric (Sequential Indicator Simulation) (Ungaro et al., 2005) .
Results

Piemonte
The map of Figure 2 shows the SOC content of Piemonte soils, in the 0-30 cm layer. The territory is classified according to 6 classes of SOC content; the most frequent classes are 30-50 and 50-70 t C ha -1 , where the second one represent also the modal class. The SOC content was classified also on the base of the physiography of the territory, giving the results shown in Table  1 . The lowest concentration (%) and content (t ha -1 ) of SOC was found in the hilly area and not in the plain; this is probably due to the wide diffusion of intensive vineyards on the hilly area and to the effects of the intensive agronomic management of these soils.
The average SOC content of forested areas and the carbon stored in forest biomass, necromass and litter, were also estimated (Tab. 2).
With a GIS spatial analysis, based on soil and land use data set, it was possible estimate that forest soils store on average 85 t C ha -1 , while in these areas the total contribution of biomass, necromass and litter is 87 t C ha -1 . These data are in agreement with the general estimate on the ratio of soil/biomass carbon storage reported for temperate forest (Robert and Saugier, 2003) . The comparison of SOC content of forest soil (85 t ha -1 ) with the average content of mountain area (112 t ha -1 ), allow to conclude that mountain grasslands should have a SOC content much higher than forest, within a range of 135-140 t ha -1 . In fact in this physiographic region 39% of the area is covered by forest, and the remaining area is represented almost entirely by grasslands. The total storage of SOC of the region is 175 Mt (Tab. 2), corresponding to an average of 81 t ha -1 ; among the physiographic region, mountain has the largest stock, contributing for the 60% of the total.
Lombardia
The map of Figure 3 shows the SOC of Lombardia soils, in the 0-30 cm, classified according Gardi C., Brenna S., Solaro S., Piazzi M., Petrella F. 146 to the same principle described for Piemonte region. The frequency distribution is similar, and also the modal class is the 50-70 t C ha -1 . The average SOC content, referred to five different soil depth, were calculated for each pedological region (Fig. 4) ( Fig. 5) , classified according to WRB (IUSS, 2006) , present in the study area. Soils of mountain area were characterized by the highest SOC content showing a clear direct relationship with the mean elevation of the pedological regions; however the soils of these pedological regions are often shallow, as can be observed from the variation of SOC content with depth, and this factor represent a limit for the carbon stock potential. In fact if we consider the storage of SOC in the 0-200 cm depth, soils of Appennino collinare pedological region store more carbon than soil of Alpi region. The evaluation of SOC stock (Tab. 3) shows the important role of Pianura Padana, where the low SOC content are compensated by the large area of this region, that account for the 46% of the carbon stored in the soils of Lombardia. The estimated SOC content (0-30 cm) for phaeozem, cambisols and luvisols are respectively 79, 73 and 59 t ha -1 confirming data indicated by Batjes (1992) for the same soil type.
The total storage of Lombardia soils is 130 Mt C, corresponding to an average of 55.8 t ha -1 .
Emilia-Romagna
The results of the spatialization of 9,667 sampling point is reported in Figure 6 ; the spatial interpolation was realized using the Sequential Gaussian Simulation (Ungaro et al., 2005) . The entire investigated territory is characterized by intensive agriculture; consequently the variation in soil organic matter (SOM) within the region reflects both, the distribution of different soil type and the existence of various agricultural type. The spot of high SOM concentration in the north-eastern part of the region, is due to organic soils of former wetlands reclaimed, in the recent past, for agricultural use, while the gradient of SOM from the western to the eastern part of the region is mainly due to the intensity of animal husbandry and the practice of manuring.
A descriptive statistical analysis of SOM, is Gardi C., Brenna S., Solaro S., Piazzi M., Petrella F. 148 Figure 6 . Soil organic matter distribution in the soils of Emilia-Romagna plain.
reported in Table 4 ; the regional territory have been divided into agricultural districts. The high variability of SOM values within territories relatively homogeneous from pedological point of view (except than Ferrara), demonstrate the existence of a potential to increase the SOM (and SOC) stocks by adapting the appropriate agronomic practices.
Discussion
Data presented are comparable with SOC stocks and contents reported in literature for similar geographic situation (Sleutel et al., 2003; Rusco et al., 2001; Batjes, 1996b) . The values indicated for the different pedological or physiographic units are the results of a mix of land use. In the alluvial plain (Pianura Padana) arable lands represent almost the entire non urban area, in the hilly area land use is represented by a mosaic of arable lands, grasslands and forests and in mountain land use is represented by grasslands and forests. Having in mind these considerations we can easily compare values presented in this paper, with data reported in literature for different biomes. For grassland of temperate regions are reported SOC stocks, in the 0-30 cm layer, ranging between 60 and 150 t ha -1 (Leifeld et al., 2004; Robert and Saugier, 2003) , forest soils range between 70 and 150 t ha -1 (Pignard et al., 2000; Robert and Saugier, 2003) , while the upper layer of arable lands can store between 50 and 80 t ha -1 of organic carbon (Leifeld et al., 2004; Arrouays et al., 2001) . Within soil of the alluvial plain the SOC variability can be explained by the difference in soil characteristics (mainly texture and water regimen - Leifeld, 2004) and in agronomic management. Data from Lombardia showed a range of 21.8 and 120.4 t ha -1 , in the 0-30 cm layer for the units of Po valley; these data however, are the average of the entire cartographic unit, representing only a part of the total variability. More information can be derived from the Emilia-Romagna data set; the range of these values (expressed as SOM content of the Ap horizon) is between 0.11 and 7.13%, if we exclude the "Basso ferrarese" peat soils.
Mountain soils (Piemonte and Lombardia), showed the highest SOC concentration in the 0-30 cm layer, confirming the well known positive correlation between SOC and elevation (Vos and Stortelder, 1992) .
Conclusions
Within the regions considered in the present study, soils of alluvial plain area showed to have the greater potential to increase the carbon stock. In fact, even if the mountain soils are characterized by the highest C concentration or, in case of Piemonte, by the larger stock, they are often in climax condition, with limited possibility to increase further the organic carbon content. On the contrary, intensive agriculture soils of plain or hilly area can increase the organic carbon content, by the adoption of minor adjustment in agronomic practices. 
